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Description 

RELATED APPLICATION 

5 , This application claims the benefit of Provisional Application No. 60/041 ,843 filed April 9, 1 997. 
FIELD OF THE INVENTION 

This invention is in the field of f iuoropolymer resins, and deals with the stabilization of such resins having unstable 
10 end groups. 

BACKGROUND OF THE INVENTION 

Melt-fabricable copolymers of tetrafluoroethyiene (TFE) and various copolymerizable mononmers such as hex- 

is afluoropropylene (HFP) are well known, as are polymerization processes for making them. Bro & Sandt in often-cited 
U.S. Patent 2,946,763 disclose an aqueous process for TFE/HFP copolymers using water-soluble free-radical initiator. 
As a consequence of the initiators used, TFE copolymers made by aqueous processes such as that of Bro & Sandt 
have unstable end groups, notably — COOH or salts thereof, that can decompose during subsequent processing and 
result in unacceptable bubbling in finished products. 

20 Various processes for stabilizing the end groups of such polymers have been devised. Schreyer, for example, in 
U.S. Patent 3,085,083 discloses a humid heat treatment process for improving the stability of such polymers by convert- 
ing unstable carboxylate end groups to relatively stable — CF 2 H (hydride) end groups. Imbalzano & Kerbow in U.S. Pat- 
ent 4,743,658 disclose fluorine treatment of copolymers of TFE and perfluoro(alkyl vinyl ether) (PAVE) to reduce the 
population of unstable end groups to very low levels. Such polymer finishing steps are time-consuming and costly. 

25 Morgan & Sloan in U.S. Patent 4,626,587 disclose a high-shear thermo-mechanicai process for reducing the back- 
bone instability in TFE/HFP copolymers. It is disclosed that, if the polymer contains unstable end groups or has poor 
color after removal from the high-shear extruder, such problems can be eliminated by fluorination (contact with elemen- 
tal fluorine). All of Examples 1 -3 of Morgan & Sloan did in fact have poor color after backbone stabilization by extrusion, 
as indicated by low values (5-18) of the %G color parameter, and required fluorine treatment to improve %G to the 49- 

30 54 range. As mentioned above, fluorine treatment is costly. 

Mallouk & Sandt in U.S. Patent 2,955,099 disclose viscosity stabilized TFE/HFP interpolymers prepared according 
to the Bro & Sandt 763 patent for which the viscosity stability is achieved by incorporation of cationic metal compound. 
Compounds of cationic metals such as potassium, caesium and rubidium, particularly in the form of salts of labile ani- 
ons such as iodide and bromide, are said to be most active. Potassium perchlorate is said to be used with particular 

35 advantage to improve color since it functions in the dual role of oxidant and viscosity stabilizer. However, Mallouk & 
Sandt also disclose that compounds of cationic metal with anions such as carbonate and nitrate tend to cause inhomo- 
geneities in the interpolymer and are therefore not suitable for use as viscosity stabilizers. As shown by the Reference 
Example below, TFE/HFP interpolymers prepared according to Bro & Sandt, additionally, are not suitable for use in the 
process of the present invention. 

40 Gibbard in U.S. Patent 5,180,803 discloses a method for the production of a melt-fabricable f Iuoropolymer, which 
method comprises, after preparing an aqueous dispersion of the f Iuoropolymer using dispersion polymerization with an 
initiator that yields carboxylic acid groups on the f Iuoropolymer, converting the carboxylic acid groups on the f Iuoropol- 
ymer in the aqueous dispersion to carboxylate anion groups using a base and then heating the so-modified f Iuoropoly- 
mer dispersion to a temperature of 190°— 240°C to cause simultaneously (1) substantial removal of carboxylate anion 

45 groups, thereby to yield stable groups in their place, and (2) isolation of the f Iuoropolymer from the dispersion by coag- 
ulation of the fluoropolymer dispersion. Gibbard's EXAMPLE 1 discloses stabilization and isolation of TFE/HFP copol- 
ymer manufactured by the process of Bro & Sandt by addition of 1 wt% of potassium hydroxide, based on dry polymer 
solids, followed by neutralization with nitric acid which would correspond to formation of about 1 .6 wt% of KN0 3 , again 
based on the weight of dry TFE/HFP copolymer solids. One skilled in the art would then expect about 1 700-4000 ppm 

so of KN0 3 to be in the copolymer resin after isolation and drying. 

TFE/HFP copolymers of the prior art, such as mentioned above, prepared by the process of Bro & Sandt have a 
high degree of instability, with end group and backbone contributions. This instability may be characterized by meas- 
urement of a total unstable fraction (TUF), as described herein. Polymers of the Bro & Sandt type generally have TUF 
of at least 0,5% when melt viscosity is in the range of 1 -1 0 x 1 0 3 Pa • s. , 

55 

SUMMARY OF THE INVENTION 

A new polymerization process for TFE/HFP/PAVE copolymers, disclosed in European Patent Application 96- 
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11 2948 (Publication 0 789 038). yields copolymer having high stability, characterized by a total unstable fraction of no 
more than 0.3%. In this process, copolymerizing is carried out with claim transfer agent present and with initiator 
present in an amount effective to initiate no more than half of the copolymer molecules made. The combined use of 
increased CTA and reduced initiator results in a TFE/HFP copolymer having improved total stability, i.e., the combina- 

5 tion of reduced backbone instability and a reduced — COOH end group population. The resultant TFE/HFP copolymer 
can be used for many purposes without special stabilization finishing steps. However, if very high stability or complete 
absence of discoloration is required, some additional treatment such as f luorination would be necessary. 

The problem of obtaining TFE/HFP copolymer and other melt-fabricable fluoropolymer resins of even higher Stabil- 
ity and/or good color to permit commercial use without a costly stabilization finishing procedure is solved by a conven- 

10 ierrt and inexpensive process. The process for stabilizing and whitening melt-fabricable fluoropolymer resin having total 
unstable fraction, as defined herein, of no more than 0.3%, comprises extruding said resin in the presence of alkali 
metal nitrate to obtain said fluoropolymer resin having improved color and/or stability. The nitrate can be introduced into 
aqueous polymerization of the fluoropolymer, before isolation of the fluoropolymer solids from the aqueous dispersion, 
or after isolation of the resin from the polymerization medium and prior to melt extrusion. Preferred f luoropolymers for 

is treatment by this process are tetrafluoroethylene copolymers. 

DETAILED DESCRIPTION 

It has been discovered that a small amount of alkali metal nitrate present during melt extrusion of fluoropolymer 
20 resin having a low level of instability as delivered to the extruder results in improved stability and/or color. 

The f luoropolymers for which the process of this invention is suitable are melt-fabricable. As such, they generally 
have melt viscosity (MV) in the range of 0.5-50 x 10 3 Pa • s, though MV outside this range is known. MV of 1-20 x 10 3 
Pa *sis preferred. 

Preferred fluoropolymers for the process of this invention include melt-fabricable copolymers of TFE with a suffi- 
25 cient amount of at least one f luorinated comonomer to reduce the melting point of the copolymer substantially below 
that of homopolymer polytetrafluoroethylene, e.g., to a melting point of no more than about 320°C. Comonomers that 
can be copolymerized with TFE include, for example. HFP and fluorinated vinyl ethers (FVE) of the formula CF 2 =CFOR 
or CF 2 =CF— OR'— OR wherein — R and — R'— are independently completely-f luorinated or partially-f luorinated linear 
or branched alkyl and alkylene groups containing 1-8 carbon atoms. Preferred — R groups contain 1-4 carbon atoms. 
30 while preferred — R* — groups contain 2-4 carbon atoms. FVE of the formula CF 2 =CFOR are preferred, particularly per- 
fluoro(a!kyl vinyl ether) (PAVE). Preferred TFE copolymers include TFE/PAVE and TFE/HFP/PAVE. Preferred PAVE 
include perfluoro(methyl vinyl ether) (PMVE). perfluoro(ethyl vinyl ether) (PEVE), and perfluoro(propyl vinyl ether) 
(PPVE). As one skilled in the art will recognize, the amount of comonomer used will vary with the properties desired 
and the type of comonomer. which in turn may result in different melting points. This is illustrated, for example, by typical 
35 TFE/HFP (FEP) and TFE/PAVE (PFA) copolymer resins as described, respectively, in ASTM Standard Specifications 
D-2116andD-3307. 

Fluoropolymers subjected to the process of this invention can be characterized by weight loss as a result of con- 
trolled high temperature exposure. The method employed is designed to measure total unstable fraction (TUF). As 
described below, TUF involves the difference between weight losses measured after exposure for different times at high 

40 temperature in dry nitrogen. TUF is used herein to characterize the fluoropolymer subjected to the proecess. i.e.. the 
feed to extrusion, as well as to illustrate the effect of this invention. TUF for melt-fabricable fluoropolymer used in the- 
process of this invention is no more than 0.3%, preferably no more than 0.2%. 

Fluoropolymer having TUF of no more that 0.3% can be prepared by various methods. Generally, it is desirable to 
prepare such fluoropolymer directly in polymerization. This can be done, for example, in aqueous polymerization of 

45 TFE/PAVE copolymer by using using chain transfer agent (CTA) that yields relatively stable end groups, or in aqueous 
polymerization of TFE/HFP/PAVE copolymer using a balance of CTA along with chosen HFP and PAVE concentrations, 
or by use of initiators that yield stable end groups in non-aqueous or in suspension polymerizations. One skilled in the 
art will recognize that fluoropolymer suitable as feed for the process of this invention, i.e., having TUF of no more than 
0.3%, can be prepared from fluoropolymer initially less stable by subjecting this initial fluoropolymer to a preliminary sta- 

50 bilization process to reduce TUF to 0.3% or less. However, it is generally desirable to avoid such preliminary stabiliza- 
tion, if possible. 

After subjecting melt-fabricable fluoropolymer resin to the process of this invention, the fluoropolymer will have 
improved stability or improved color, or both. Improved stability can be indicated by a reduced population of unstable 
end groups, and oolor may be improved. The color of fluoropolymer resin extruded according to the process of this 
55 invention is generally good, usually having color parameters %G * 35, Yl £ 10. and Wl * 35, preferably having color 
parameters %G * 40, Yl <; 6, and Wl * 40. More preferably, %G * 45, Yl £ 0, and Wl 2> 50. 

As used herein, "extrusion in the presence of alkali metal nitrate" signifies that nitrate is introduced into the fluor- 
opolymer resin prior to melt extrusion. The nitrate can be introduced into the resin during any process step prior to 



3 



EP 0 870 792 A1 

extrusion, including polymerization, isolation of polymer solids from the polymerization medium, drying, and preparation 
of extruder feed. For f luoropolymer prepared by aqueous dispersion polymerization, a preferred point for introducing the 
nitrate is during isolation. Preferred points for introducing alkali metal nitrate also include during polymerization because 
of the uniform distribution of nitrate that results. Contrary to expectation, polymerization is not adversely affected by the 

5 presence of nitrate. While nitrate can be introduced at more than one point in the process, e.g.. during polymerization 
and again in the extruder feed, a single addition will normally be employed. The nitrate can be introduced as a solid or 
as an aqueous solution, as desired and as appropriate to the process step chosen for introduction. When introduced 
into aqueous polymerization, it is convenient to pump a solution into the reactor On the other hand, one would normally 
introduce alkali metal nitrate into extruder feed as a dry solid blended with the resin or co-fed with the resin. It is also 

to possible to inject a nitrate solution into the extruder if the extruder is of appropriate design. The alkali metal nitrate, of 
course, can be formed in situ, e.g.. by introducing appropriate acid and base in an aqueous process step, but it is sim- 
pler to introduce the nitrate as such. Alkali metal nitrate will usually be present at the first extrusion of the fluoropolymer 
resin, a situation that necessarily follows if the nitrate is introduced during a wet process step. The first extrusion is nor- 
mally part of the fluoropolymer resin finishing procedure, to prepare the resin for commercial use in a form such as pai- 
rs lets or cubes. However, one skilled in the art will recognize that such first extrusion could result in fabrication of a 
finished article, e.g., film or tubing. Likewise, one will recognize the possibility of adding alkali metal nitrate to resin that 
has been previously extruded, either with or without nitrate present. 

Any alkali metal nitrate can be used in the practice of the present invention. Preferably, the alkali metal is potassium 
or sodium. One skilled in the art will reoognize that a combination of alkali metal nitrates can be used. 

20 Preferably, the amount of alkali metal nitrate used in the process of this invention is in the range of 20-500 ppm, 
most preferably 50-250 ppm, by weight based on the weight of dry fluoropolymer resin teed to extrusion, with the 
amount of alkali metal nitrate normalized to the molecular weight of potassium nitrate. Thus, if introduced during polym- 
erization or a wet isolation step, the amount of nitrate added would be increased to compensate for the amount of salt 
that is carried off by the separated water, tf nitrate is introduced during more than one process step, the amounts recited 

25 above apply to the combined amounts as calculated for each introduction. Amounts of alkali metal nitrate greater than 
500 ppm can have a beneficial effect on color but an adverse effect on high-temperature stability of the fluoropolymer 
resin, e.g., as indicated by MV. Thus, as the amount of alkali metal nitrate is increased above 500 ppm, improvement in 
color may be at some sacrifice in resin stability. In some applications, some reduction in MV is tolerable. To minimize 
this adverse effect, the amount of alkali metal nitrate will be no greater than 1000 ppm. 

so Methods of melt-extrusion that can be used in the process of this invention include methods known in the art for 
use with fluoropolymers. Extruders that can be used include twin-screw and single-screw extruders. Twin-screw extrud- 
ers such as those supplied by Werner & Pfleiderer are preferred. One skilled in the art will recognize such alternative 
possibilities as compounding fluoropolymer resin in the presence of nitrate in high intensity mixers, such as a Henschel 
mixer, followed by meft extrusion of the compounded resin. This is considered to be melt-extrusion in the presence of 

35 nitrate and within the scope of the present invention, 

EXAMPLES 

Ruorapolymer compositions were determined on 0.095-0.105 mm thick films pressed at 300°C, using Fourier 

40 transform infrared (FTiR) spectroscopy. For HFP determination, the method described in US. Patent 4,380,618 was 
used. In applying this method, the absorbances of bands found at about 982 cm' 1 and at about 2353 cm' 1 were used. 
HFP content is expressed as an HFP index (HFPl), the ratio of the 982 cm* 1 absorbance to the 2353 cm* 1 absorbance. 
HFP content in wt% was calculated as 32 x HFPl. 

PEVE was determined from an infrared band at 1 090 cm" 1 using FTIR spectroscopy. PEVE content in wt% was cal- 

45 culated as 1 .3x the ratio of the 1090 cm' 1 absorbance to the 2353 cm* 1 absorbance. The absorbance at 1090 cm* 1 was 
determined using a TFE/HFP dipolymer reference flm to minimize the effect of a strong absorbance that overlies the 
1090 cm* 1 band. The 2353 cm" 1 internal thickness absorbance was determined without use of reference film 

The PPVE content of TFE/PPVE copolymers was determined from an infrared band at 990 cm* 1 and was calcu- 
lated in wt% as 0.97x the ratio of the 990 cm* 1 absorbance to the 2353 cm* 1 absorbance. 

so End group analysis was also done by FTIR spectroscopy in a rrxxfrftcation of the method disclosed in U.S. Patent 
3,085,083. using films 0. 1 -0.2 mm thick prepared by pressing at room temperature. The absorbance at 3557 cm* 1 was 
used to determine the population of — COOH end groups, while the absorbance at 1 774 cm* 1 relative to the absorbance 
at 1813 cm* 1 was used to determine the population of hydrogen-bonded —COOH groups, also called —COOH dinners. 
When reported herein, the total measured population of —COOH is given, i.e., the sum of singlets and dimers. The 

55 absorbance at 1 888 cm* 1 was used to determine the population of — COF end groups, and the absorbance at 1 785 cm* 
1 was used to determine the population of — CF=CF 2 groups. Absorbances were normalized for film thickness using the 
2353 cm" 1 absorbance. 

Melt viscosities of the fluoropolymers were determined by ASTM method D1238-52T modified as described in U.S. 
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Patent 4,380,61 8. 

Thermal characteristics of f tuorcpolymer resins were determined by DSC by the method of ASTM D-4591 -87. The 
melting temperature reported is the peak temperature of the endotherm on second melting. 

Average size of polymer particles as polymerized, i.e., raw dispersion particle size (RDPS), was measured by pho- 

5 ton correlation spectroscopy. 

in the following, unless otherwise stated, stated solution concentrations are based on combined weight of solvent 
water and of solute(s). Stated concentrations of polymer solids in dispersions are based on combined weights of solids 
and aqueous medium, and were determined gravimetrically. i.e., by weighing dispersion, drying, and weighing dried sol- 
ids, or by an established correlation of dispersion specific gravity with the gravimetric method. 

10 In general, when alkali metal nitrate is added during a wet process step, as in polymerization or isolation, the 
amount of alkali metal nitrate residue on the dry f luoropolymer resin is calculated from the amount of nitrate added and 
the fraction of total water present that is carried into drying with the resin. The amount of polymer can be conveniently 
calculated from the amount of TFE consumed in polymerization and the polymer composition analysis, or can be deter- 
mined from gravimetric analysis of the dispersion. Isolation procedures were sufficiently uniform in the following Exam- 

is pies that, unless otherwise stated, the amount of alkali metal nitrate residue on a quantity of dried copolymer resin was 
taken as 1 5% of the amount of nitrate added to that quantity of resin in the wet state. 

Total unstable fraction (TUF) was used as a measure of polymer instability. A weighed sample of copolymer resin 
was heated at 360°C in a nitrogen atmosphere, and weight losses AW 1 and AW 2 were measured after 1 hr and after 2 
hr, respectively. I.e.. if W 0 is the original, weight and W, is the weight after time t measured in hours, then 

20 AW t =W 0 — W t . Then, TUF was calculated as TUF = 2AW 1 — AW 2 and expressed relative to W 0 (in %). The dif- 
ference was taken to separate the effects of unstable entities, judged to occur in relatively short time (less than 1 hr), 
from background degradation occurring at the high temperature employed. TUF is interpreted as the sum of weight loss 
due to unstable end groups and of weight loss due to any backbone unstable fraction. For TFE/HFP copolymers, back- 
bone unstable fraction is commonly attributed to HFP diads. 

25 Three color parameters, Luminous Reflectance (%G, sometimes called Green), Yellowness Index (Yl) and White- 
ness Index (Wl), were measured using a HunterLab Tristimulus Colorimeter (Model D25M-9. Hunter Associates Labo- 
ratory) to quantify observations about color, making the measurements through clear silica glass. These parameters 
are known in the art. See, for example, ASTM E-313. 

30 Comparative Example A 

A cylindrical, horizontal, water-jacketed, paddle-stirred, stainless steel reactor having a length to diameter ratio of 
about 1 .5 and a water capacity of 80 parts by weight was charged with 50 parts of demineralized water and 0.44 part 
of a 20 wt% solution of ammonium pert luorooctanoate surfactant (C 8, Fluorad® FC-1 43, 3M) in water. With the reactor 

35 paddle agitated at 35 rpm, the reactor was heated to 60°C. evacuated, purged with TFE, evacuated again, and 0.098 
part of chloroform was introduced. The reactor temperature then was increased to 103°C. After the temperature had 
become steady at 103°C ( HFP was added slowly to the reactor until the pressure was 350 psig (2.5 MPa). Then TFE 
was added to the reactor to achieve a final pressure of 600 psig (4.2 MPa). Then 0.35 part of PEVE was introduced. 
Then 0.42 part of a freshly prepared aqueous initiator solution containing 0.26 wt% of potassium persulfate (KPS) was 

40 charged into the reactor at 0.11 part/min. Then, this same initiator solution was pumped into the reactor at 0.0097 
* part/min for the remainder of the polymerization. At the" same time, PEVE addition was begun at a pumping rate of 
0.0019 part/min. This pumping rate was maintained for the remainder of the polymerization. After polymerization had 
begun as indicated by a 1 0 psi (0.07 MPa) drop in reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig until a total of 17.5 parts of TFE had been added to the reactor after Wckoff. Total reaction 

45 time was 180 min with a TFE addition rate of 0.1 part/min. The reaction rate was maintained constant by adjusting the 
agitator speed. At the end of the reaction period, the TFE feed, the PEVE feed, and the initiator feed were stopped, and 
the reactor was cooled while maintaining agitation. When the temperature of the reactor contents reached 90°C, the 
reactor was slowly vented. After venting to nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. Upon further cooling, the dispersion was discharged from the reactor at below 70°C. Solids 

so content of the dispersion was 31 .5 wt% and raw dispersion particle size (RDPS) was 1 74 nm. After mechanical coag- 
ulation, the polymer was isolated by compressing excess water from the wet polymer, to a water content of approxi- 
mately 30 wt%, and then drying this polymer in a 150°C convection air oven. The TFE/HFP/PEVE copolymer had an 
MV of 2.09 x 1 0 3 Pa • s, an HFPI of 1 .90 (6.1 wt% HFP), a PEVE content of 1 .91 wt%, a melting point of 282.5°C, a TUF 
of 0.08%, and 109 — COOH ends/10 6 C atoms as polymerized. This polymer then was stabilized by melt extrusion on 

55 a 28-mm Werner & Pfleiderer Kbmbiplast® extruder, using a standard screw design for melt processible f luoropolymers 
with a barrel temperature of 320°C and a die temperature of 340°C. to make strand-cut cubes. The total unstable frac- 
tion (TUF) of the extruded resin was 0.03%. indicating good thermal stability. A %G value of 33.7 indicated that color 
was substantially better than the examples of Morgan & Sloan (%G of 5-18) after extrusion. However, the color of the 
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resin visually was light brown with Yellowness Index (Yl) of +15.8 and Whiteness Index (Wl) of +18.6, and thef luoropol- 
ymer had 12 — COOH, 21 — COF, and 1 1 — CF=CF 2 ends/10 6 C atoms. 

Example 1 

5 

The procedure of Comparative Example A was essentially repeated except that the chloroform precharge was 
0 088 part and 0.0066 part of potassium nitrate was added to the reactor at the same time the chloroform was added. 
Total reaction time was 1 75 min. Solids content of the dispersion was 31 .5 wt% and RDPS was 1 72 nm. The resultant 
TFE/HFP/PEVE copolymer had an WIV of 2.32 x 10 3 Pa • s, an HFPI of 1 .62 (5.2 wt% HFP), a PEVE content of 1 .71 

10 wt% a melting point of 281 .6°C. a TUF of 0.08%, and 42 -COOH ends/10 6 C atoms as polymerized. Based on a water 
content of 30 wt% after compressing excess water from the wet polymer, the KN03 residue on the resin after drying 
was calculated as 49 ppm. After stabilizing the polymer by melt extrusion, as described in Comparative Example A, TUF 
was 0 06, indicating good thermal stability. Only 16 -COF ends/10 6 C atoms were detected (no -COOH or CF=CF 2 ) 
and this time the finished resin was visually white with a %G of 46.3, a Yl of —7.5 and a Wl of 56.7, showing the benefit 

is of adding an alkali metal nitrate such as potassium nitrate in polymerization. 

Example 2 

The procedure of Comparative Example A was essentially followed, except that the amount of chloroform was 
20 0 072 part and different amounts of KN0 3 were added to different aliquots of the raw dispersion before coagulation to 
achieve desired residues. Solids content of the raw dispersion was 32.5 wt% and RDPS was 174 nm. The 
TFE/HFP/PEVE copolymer had an MV of 4.47 x 1 0 3 Pa • s, an HFPI of 1 .91 (6.1 wt% HFP), a PEVE content of 1 .89 
wt% a TUF of 0 09% and 103 —COOH ends/10 6 C atoms as polymerized. The amounts of KN0 3 residue were 20 
ppm' and 200 ppm based on dry copolymer resin solids. Stability and color data for the extruded resin are summarized 
25 in Table 1 The TUF and end group data indicate good stability and the color parameters confirm the visual observation 
of good whiteness, for both levels of KN0 3 addition, showing the benefit of the alkali metal nitrate addition during isola- 
tion of the f luoropolymer resin from its polymerization medium. 
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Table 1 



Stability, End Group, and Color Data for Example 2 


KN0 3 (ppm) 


TUF (%) 


Color Parameters 


End Groups (per 10 


5 C Atoms) 






%G 


Yl 


Wl 


-COOH 


—COF 


— CF=CF 2 


20 
200 


0.03 
0.05 


46.2 
46.7 


—11.2 
—11.8 


62.2 
63.8 


5 
0 


0 
0 


0 
0 



40 



50 



The procedure of Example 2 was essentially repeated, except that the initiator solution contained 0.13 wt% of 
ammonium persulfate (APS) and 0.13 wt% of KPS instead of all KPS and ethane was used as the chain transfer agent 
instead of chloroform. The ethane was introduced in an amount to increase the pressure in the reactor by 279 mmHg 
Solids content of the raw dispersion was 31.2 wt% and RDPS was 213 nm. The TFE/HFP/PEVE copolymer hadanMV 
of 2 38 x 10 3 Pa • s, an HFPI of 1 .83 (5.9 wt% HFP), a PEVE content of 1 .94 wt%, a TUF of 0.07%. and 1 17 -COOH 
ends/10 6 C atoms as polymerized. Stability and color data for the extruded resin are summarized in Table > 2. The TUF 
and end group data indicate good stability and the color parameters confirm the visual observation of good whiteness. 
In this instance, with ethane as chain transfer agent, the quantitative measures of color indicate better whiteness tor me 
larger amount of KNO3. 
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Table 2 



Stability, End Group, and Color Data for Example 3 


KN0 3 (ppm) 


TUF(%) 


Color Parameters 


End Groups (per 10 6 C Atoms) 






%G 


Yl 


Wl 


-COOH 


-COF 


— CF=CF 2 


20 


0.03 


42.0 


—0.9 


43.0 


0 


0 


0 


200 


0.06 


47.9 


—11.7 


65.1 


2 


0 


0 



Example 4 

75 Two batches of TFE/HFP/PEVE copolymer were polymerized in a different reactor using procedures similar to that 
of Comparative Example A but varying enough to yield different MV. The raw dispersions from these batches were 
coagulated with addition of KN0 3 calculated to leave 40 ppm of KN0 3 residue on the dried resin, and the dried copol- 
ymer resin powders were blended together. The TFE/HFP/PEVE copolymer powder blend had an MV of 2.5 x 10 3 
Pa • s, an HFP content of 6.6 wt%, a PEVE content of 1 .83 wt%, a TUF of 0.1 1%, and 146-164 —COOH ends/10 6 C 

20 atoms. Portions of this copolymer resin were dry blended with 50 or 100 ppm of KN0 3 in a three-stage blending proce- 
dure, i.e., adding more virgin resin at each stage, to achieve the total amounts of KN0 3 present as shown in Table 3 and 
extruded as above. Data for the extruded resin are summarized in Table 3, including data for the resin extruded without 
dry KNO3 addition. The data indicate that alkali metal nitrate addition at extrusion can also enhance color and stability. 

25 

Table 3 



Stability, End Group, and Color Data for Example 4 


KNO3 (ppm) 


TUF(%) 


Color Parameters 


End Groups (per 1 0 6 C Atoms) 






%G 


Yl 


Wl 


—COOH 


—COF 


— CF=CF 2 


40 


0.06 


28.4 


17.6 


13.1 


0 


19 


0 


90 


0.07 


51.2 


1.7 


47.3 


0 


18 


0 


140 


0.09 


45.9 


A7.1 


55.2 


0 


6 


- 0 



Reference Example 

This example illustrates f luoropolymer resins that are suitable and unsuitable for the extrusion process of this inven- 

40 tion. 

a) TUF was measured to be 0.70% and 0.72% for two samples of raw (as-polymerized).TFE/HFP dipolymer resin 
prepared generally by the method of Bro & Sandt and having nominal HFPI of 3.85 and MV of about 7.6 x 10 3 
Pa • s. Such resin would not be suitable feed for the process of this invention. 

45 b) TUF was measured for a series of TFE/HFP/PEVE copolymers prepared generally according to the procedure 
of Comparative Example A except that PEVE was only precharged, an APS/KPS mixture was used in most 
instances, and the amounts of ingredients were varied to achieve different results. Variations in ingredient amounts 
included no CTA in Runs 1-2, no KPS in Run 7, and no APS in Run 8. Results, including copolymer composition 
and MV, are given in Table 4. Runs 1-2 would not be suitable feed for the process of this invention, but Runs 3-8 

so would be suitable. - 

c) TUF was measured for a TFE/PEVE dipolymer prepared generally by the method of Aten et at. in International 
Patent Application Publication WO97-07147 using APS initiator, ethane chain transfer agent, and with no fluoroliq- 
. uid present. The copolymer had PEVE content of 2.7 wt%. MV of 2.6 x 10 4 Pa • s. and 102 —COOH, 21 —COF 
and 7 — CF=CF 2 ends/10 6 C atoms. TUF was measured to be 0.1 1%, indicating that this f luoropolymer would be 
55 suitable for the process of the present invention. 
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Table 4 



5 


TUF for Various TFE/HFP/PEVE Copolymers 


Run 


HFPI 


PEVE (wt%) 


MV(10 3 Pa-s) 


TUF (%) 




1 


4.19 


0.54 


2.69 


0.68 




2 


3.91 


0.81 


1.34 


0.59 


10 


3 


2.09 


1.20 


1.99 


0.16 




4 


1.81 


1.58 


2.14 


0.03 




5 


2.66 


1.72 


1.77 


0.15 




6 


2.09 


1.31 


1.93 


0.04 


15 


7 


2.66 


1.75 


2.25 


0.14 




8 


2.72 


1.86 


2.83 


0.16 



20 Example 5 and Comparative Example B 

A TFE/PPVE copolymer was prepared as follows. The autoclave used in Comparative Example A was charged with 
52 parts of demineralized water and 0.63 part of a 20 wt% solution of C-8 in water. With the agitator turning at 50 rpm, 
the aqueous charge was heated to 65°C and deairated by three times alternately evacuating and purging with TFE. 

25 Ethane was introduced to give a pressure rise of 10 inches (25.4 em) of Hg. Then, to the autoclave were added 0.51 
part of PPVE, and 0.0066 part of KN0 3 . The temperature was increased to 75°C and the autoclave was pressured with 
TFE to 300 psig (2.2 MPa). The polymerization was initiated by pumping 0.66 part of a 0.17 wt% solution of APS in 
water into the autoclave at a rate of 0.1 1 part/min. Then, the injection rate of APS solution was reduced to 0.011 
part/min and PPVE addition was begun at 0.0051 part/min. Both initiator solution and PPVE addition rates were main- 

30 tained throughout the batch. After the pressure of the autoclave had dropped 10 psig (0.069 Mpa), signaling kickoff, 
TFE was added to the autoclave to maintain pressure at 300 psig. The agitation rate was adjusted to maintain TFE feed 
rate at 0.167 part/min. When 20 parts of TFE had been transferred to the autoclave after the initial pressuring step, the 
agitator and ingredient feeds were stopped and the reactor was slowly vented. After venting to nearly atmospheric pres- 
sure, the reactor was purged with nitrogen to remove residual monomer and 77 parts of aqueous dispersion were dis- 

35 charged. Solids content of the dispersion was 30.7 wt% . Polymer solids were isolated and dried as in Comparative 
Example A. The calculated KN0 3 residue on the resin after drying was 60 ppm, based on the amount of water left on 
, the polymer before drying. An aliquot of this dry resin powder was stabilized by extrusion as in Comparative Example 
A. Cubes obtained from the foregoing extrusion were extruded again with 60 ppm of additional KN0 3 introduced by first 
blending the KN0 3 with a small amount of the dry resin powder and then blending this powder with the cubes. Meas- 
• 40 ured properties for the resin at different stages of the experiment are given in Table 5. Initial properties of the resin, i.e., 
before extrusion, are identified as 5(init), while 5(ex-1) and 5(ex-2) identify the results for extrusion of the resin, respec- 
tively, as polymerized and again with additional KN0 3 . Also given in Table 5 are results for Comparative Example B 
which was produced essentially by the polymerization procedure of Example 5 except that no KN0 3 was added to the 
autoclave, and the resulting dry resin was extruded as polymerized. Results show that extrusion in the presence of the 

45 amount of alkali metal nitrate introduced during polymerization was effective to improve stability, while the two extru- 
sions, with additional alkali metal nitrate introduced before the second extrusion, together were effective to improve sta- 
bility and color. 



50 



55 
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Table 5 



Results for Example 5 and Comparative Example B 


General properties: 


Bfinit) 


B(ex) 


5(init) 


5(ex-1) 


5(ex-2) 


mv (io 3 Pa-s) 


40.3 


37.4 


71.8 


61.1 


55.4 


PPVE content (wt%) 


— 


3.68 


— 


3.45 




Melting point (°C) 


— 


307 


— 


306 


— 


TUF (%) 


— 


0.08 


— 


0.04 


0.03 


End groups (per 1 0 6 C): 












-COOH 


100 


21 


65 


0 


0 


-COF 


13 


20 


14 


0 


0 


-CF=CF 2 


16 


0 


21 


0 


0 


Color parameters: 












%G 




39.5 




39.8 


38.3 


Yl 




3.0 




5.5 


-0.7 


Wl 




35.7 




32.8 


39.3 



Claims 

1 . A process for stabilizing and whitening melt-fabricable f luoropolymer resin having total unstable fraction of no more 
than 0.3%, comprising extruding said resin in the presence of alkali metal nitrate to obtain said f luoropolymer resin 
having improved color and/or stability. 

2. The process of Claim 1 , wherein said nitrate is introduced into aqueous polymerization of said f luoropolymer. 

3. The process of Claim 1 , wherein said nitrate is introduced into the dispersion product of aqueous polymerization of 
said f luoropolymer before isolation of said resin from said dispersion. 

4. The process of Claim 1 , wherein said nitrate is introduced into said f luoropolymer resin after isolation of said resin 
from the polymerization medium for said f luoropolymer. 

5. The process of Claim 1 , wherein said f luoropolymer is tetraf luoroethylene copolymer. 

6. The process of Claim 5, wherein said tetrafluoroethylene copolymer comprises units derived from at least one 
comonomer from the group consisting of hexafluoropropylene and f luorinated vinyl ethers. 

7. The process of Claim 6, wherein said f luorinated vinyl ethers are perf luoro(alkyl vinyl ethers), said alkyl containing 
1-4 carbon atoms. 

8. The process of Claim 7, wherein said tetrafluoroethylene copolymer comprises perfluoro(ethyl vinyl ether) or per- 
f luoro(propyl vinyl ether) . 

9. The process of Claim 8, wherein said tetrafluoroethylene copolymer further comprises hexafluoropropylene. 

10. The process of Claim 1, wherein the amount of said alkali metal nitrate is from 20 ppm to 1000 ppm by weight 
based on the weight of said f luoropolymer resin. 

1 1 . The process of Claim 1 , wherein said alkali metal is sodium or potassium. 
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